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This study aims to ascertain the possible existence of integration between the hog markets 
in China and the United States. Using national monthly data from January 2000 to December 2014, 
our results indicate that hog prices between China and the U.S. are cointegrated. Such a result 
suggests no arbitrage between the two markets. We discuss the reasons why such arbitrage 
abandons; and conclude that it can be postulated the empirical evidence in integrated U.S. soybean 
prices alongside other factors may contribute to this result. 
Keywords: hog, integration, china, cointegration, vector error correction (VECM), price 
transmission, soybean 
1. Introduction 
China is the country with the highest levels of pork consumption and production in the 
world. Prior to 2000, individual hog farms completely dominated the pork industry. Production 
inputs were heavily reliant on farmers’ backyard homesteads and on locally purchased piglets. 
This model allowed extra leisure time for hog farmers, as it required a relatively low level of social 
resources and investments.  This meant that there was not much competition among local 
agricultural enterprises. Between 2000 and 2014, numerous local cooperatives emerged. They 




Although the utilization of social resources and investments was improved by cooperatives, 
individual hog farms still dominated the industry until 2014.  
Since 2014, industrial hog farming operations have been actively promoted by the Chinese 
government. The decline in the rural population due to urbanization has resulted in significant 
increases in domestic labor costs, and some updated policies have strictly restricted local farm 
production for reasons of environmental protection.  All these strands have combined to make the 
previous cooperatives less competitive than industrial hog operations, which have greater labor 
allocation efficiency. As the Chinese economy has grown dramatically in recent decades, 
consumers’ taste preferences have changed accordingly. The demand for protein products, 
especially pork, has increased. However, it is difficult for individual hog farmers to standardize 
their pork products and provide quality assurance.  Combined with increased labor costs, this factor 
makes Chinese domestic pork products less competitive than imported pork products in terms of 
both quality and price. 
According to the dataset from the United States Department of Agriculture (USDA), the 
United States started exporting pork products to China in 1989. In the current study, we explored 
the pork export data to mainland China and Hong Kong. Figure 1 presents 60 annual observations 
of the past thirty years and shows an overall increase in export trends. This data provided essential 
background to our study as it shows that trade activities between the two countries have existed 
for thirty years (even with a discontinuing trade trend before 2000). Our study mainly focused on 
the period from 2000 to 2014. The monthly export rates from January 2000 to December 2014 are 





Figure 1. USDA annual pork exports to mainland China (Blue) and Hong Kong (Red) from 1989 to 2018. 
Note: Unit is carcass weight, 1,000 pounds. 
Data Source: https://www.ers.usda.gov/data-products/livestock-and-meat-international-trade-data/ 
 
Figure 2. USDA monthly pork exports to mainland China (Blue) and Hong Kong (Red) from 01/2000 to 12/2014. 
Note: Unit is carcass weight, 1,000 pounds. 





We included Hong Kong in our study due to the region’s unique administrative 
characteristics. As a duty-free trade region, most of the pork was exported from Hong Kong to 
mainland China.  An abnormally high volume of pork exports to mainland China in 2011 (shown 
in Figure 2) caught our attention. After examining previous studies, we found that the pork price 
in China increased dramatically during this time, and that Chinese pork prices rose to a new record 
high in 2011. The main reason for China’s surge in pork imports was that the government had 
continuously increased its grain purchases in order to secure farmers’ profits (Gale et al., 2012). 
This could have caused a rapid increase in domestic feed cost. The average cost of Chinese hog 
production increased, while the cost of hog production in the U.S. was much lower. Such 
significant cost and price gaps made the price advantage of imported U.S. pork more obvious. 
Many previous studies (Hayes and Clemens, 1997; Wang et al., 1998; Pan and Kinsey, 
2002; Fabiosa, 2005; Schneider, 2017; Ortega et al., 2017) have stated that China has never 
completely opened its pork import market to the United States because of China’s zero tolerance 
for ractopamine in pork. Ractopamine is a feed additive commonly used by U.S. pork producers 
to simulate lean meat growing. Moreover, China started to promote the Belt and Road Initiative 
(BRI) involving 152 countries in Asia and Europe. There were 16 European countries already 
dealing with China under the BRI framework. One of the objectives of the initiative was to 
encourage European countries to export more agricultural products to China, and for China to 
invest more in infrastructure building. This also shows the determination of China to decrease 




The objectives of this study were two-fold. First, we wanted to examine the market 
integration in pork prices of China and the United States and establish whether this integration 
existed between 2000 and 2014. 
2. Literature review 
2.1 Market analysis 
  Hayes and Clemens (1997) stated that the increased cost of grains and oilseeds made U.S. 
pork prices much more competitive. They also found that the taste preference for pork was highly 
complementary between the two countries. Chinese consumers preferred consuming pork products 
undervalued in the Western community. However, such products were highly valued in the 
Chinese community. The authors anticipated that the U.S. would have a large competitive 
advantage in supplying a large volume of these products at an acceptable price and that the Chinese 
government would open its market for these pork products. Many similar studies have explored 
the agricultural structure in China and pointed out the potential for trade between China and the 
United States (Wang et al., 1998; Pan and Kinsey, 2002; Fabiosa, 2005; Schneider, 2017; Ortega 
et al., 2017). 
2.2 Cointegration and error correction model 
Some previous studies have presented different ways to test the degree of market 
integration. Engel and Rogers (1996) stated that border effects were the essential determinants of 
international food price differences. Based on an analysis of distance hindering the tradability of 
products between the U.S. and Canada, they concluded that nominal currency adjustment plays an 




The conceptual market integrations are both vertical and horizontal, with industrial 
integration represented by vertical integration and the spatial market represented by horizontal 
integration. Spatial market integration reflects how a price change in one market leads to a price 
change in another market. Market integration across different regions is discussed using various 
approaches. The transmission of spatial price reflects that a price adjustment is transmitted from 
one market to another overnight,  while the law of one price explains that the prices of homogenous 
goods should differ by less than the transaction costs between two locations and stipulates that 
traders may engage in arbitrage if this condition is violated (Fackler and Goodwin, 2001). However, 
traders may take time to respond to price changes, and a lag may occur between the price change 
in one market and its reflection in another market. 
Ravallion (1986) developed a dynamic regression econometric model to examine the 
degree of market integration of two non-stationary price processes. This model assumes that, if 
markets are integrated, a price change in one market will transmit to the other market 
instantaneously. The model could be interpreted as a vector autoregressive model, which tests the 
restrictions of a reduced-form parameter. The dynamic regression model is a dynamic version of 
a standard regression model and an alternative for the Granger causality tests (Granger, 1983). 
Barrett and Li (2002) suggested applying cointegration when the given trade flow data 
showed discontinuities. This study shows that error correction is unreliable when the traction costs 
are non-stationary. We would expect the U.S. export pork price change to induce a Chinese 
domestic pork price change to the same degree if these two markets are perfectly integrated. 
Many previous studies (Goodwin and Piggott, 2001; Sephton, 2003) have discussed the 




straightforward to infer the long-run or equilibrium relationship between estimates and the vector 
pair includes the set of explanatory variables the relationship when neither variable tends to change. 
Balcombe et al. (2007) examined the price transmission and found threshold effects only exist 
between the U.S. and Brazil, but no exist between Argentina and Brazil when examining three 
countries by estimating error correction model on monthly corn price series.   
3. Methodology 
In this section we present an econometric model of pork prices series between China and 
the United States by adapting the vector error correction model (Enders and Siklos, 2001; Enders, 
2010). We first examine the cointegration relationship between the two prices. If cointegration 
exists, we then proceed to estimate the error correction model with the seemingly unrelated 
regression (SUR) model.  
First, we define the log Chinese hog price as P1t and the log U.S. hog price as P2t, both 
converted to USD. The long-run relationship, if any, can be represented as:  
(1) P1t = β+ β1 (P2t) + ε t 
Because most market price series are non-stationary during their lifespan for the price processes 
compared in different markets. The hog price series is a random walk non-stationary process. The 
stochastic process is strictly stationary if all the random variables have the same distribution and 
the joint distribution of any two random variables with different time periods are the same. 
Therefore, to test if P1t and P2t are cointegrated, we conduct an augmented Dicky-Fuller test on 
the residual term εt: 




The null of the ADF test with intercept is a unit root without drift, and the alternative is a 
stationary process. The lagged term in the regression output is the control for the serial correlation. 
If the ADF test is shown to be significant, then we would expect the two markets to be cointegrated. 
Through the cointegration analysis, we shall explore the long-term relationship of pork prices 
between China and the U.S. If cointegration is found between the two price series, we can proceed 
an run the error correction model by including the residuals in the VAR model. 
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Equations (3) and (4) above compromise the first order of VAR with error term ε̂t-1, where 
ε̂t-1 is obtained from (2). 
 To ensure that the estimated residuals of our ECM comes close to white noises, we shall 
need to adjust the lag lengths longer to make sure it accesses its adequacy. Here, we use a 
seemingly unrelated regression (SUR) method to efficiently estimate the VECM model (Lence 
and Plastina, 2020). 
4. Data 
The Chinese hog market price data were collected from China’s National Bureau of 
Statistics and the U.S. hog prices were collected from the USDA website. The monthly market 
cash prices from January 2000 to December 2014 were examined and a total of 180 observations 
of time series data were collected from each market. We assumed that the monthly price data were 





 Some modifications were made to assure the unity of the prices. The “CN-CNY” price 
series indicates the Chinese pork market price in CNY per kilogram, while “US-USD” represents 
the U.S. pork price in dollars.  These adjusted figures are presented in Table 1. 
 
Variable name Observation Mean Std 
China pork price in CNY 180 10.574 3.955 
U.S. pork price in USD 180 1.012 0.258 
Exchange rate CNY-USD 180 0.137 0.016 
China pork price in USD 180 1.510 0.713 
Table 1. Summary statistics. 
Figure 3 shows hog prices from January 2000 to December 2014 for China and the U.S. 
There was an abnormally high volume of pork exports to Mainland China in 2011, while the pork 
price during the equivalent period in China increased dramatically. Chinese pork prices started to 
rose to a new record high in 2011. 
 
Figure 3. Hog log prices in China (yellow) and the U.S. (blue) from 01/2000 to 12/2014. 





5.1 Stationarity test 
Several estimated results are presented below. First, a stationary test was conducted. The 
results show adjusted prices are non-stationary price series, as shown in Table 2. This is because 
most market price series are non-stationary during their lifespan for the price processes compared 
in different markets. 
Value input P-Value Result (at 5%) 
US-USD  0.643 non-stationary 
CN-USD 0.734 non-stationary 
Table 2. Stationary test of pork prices for China and the U.S. 
5.2 Cointegration test 
We obtain the residuals and run the ADF test for stationarity. The results are shown 
below. 
(5) Δε̂t = -0.086 ε̂t-1 + 0.268 Δε̂t-1 
    (0.026)            (0.072) 
 
With one lag of the errors included, we reject the null hypothesis of the ADF test and 
conclude that the errors are stationary such that the two-price series are cointegrated. Such result 
suggests a long tern cointegration relationship occurs in between China and the U.S. pork prices. 
5.3 Error correction model 
We can then proceed to run the error correction model. The coefficient of the error 




long-run equilibrium in period t-1 will cause the Chinese hog price to decrease 0.021, and the US 
hog price to rise 0.033 units. 
(6) Δ P1t =  0.006 - 0.021 ε̂t-1 
                            (0.004)    (0.012)  
(7) Δ P2t =  0.003 + 0.033 ε̂t-1 
                      (0.006)    (0.017) 
 
6. Conclusion 
This study explored the market integration of hog markets for the two largest hog markets 
in the world. The results reveal a strong cointegration relationship in pork prices between China 
and the U.S., indicating that arbitrage does not exist in either market in terms of pork prices. 
Therefore, we discuss the potential influencing factors below. 
Firstly, the cointegration results show the long-term price relationship, for which feed 
prices may help explain the market integration. The high cost of grain made U.S. pork prices much 
more competitive in China. Many previous studies (Hayes and Clemens, 1997; Wang et al., 1998; 
Pan and Kinsey, 2002; Fabiosa, 2005; Schneider, 2017; Ortega et al., 2017) have stated that China 
has no advantages in feed cost, and the increased cost of domestic feed makes U.S. pork prices 
much more competitive than locals. As a grain-deficit country, China buys more pork from grain-
surplus areas, such as the U.S. Urbanization has had a significant impact on Chinese people’s 
living standards and diet, and their increased consumption of high-quality meat products has led 
to a significant increase in demand for livestock feed (Schneider 2011). Maize and soybean form 
the main ingredients in pork feed, and as China’s domestic grain prices continue to rise, causing 




reliant on the international commodity market for soybean. Indeed, soybeans have become the 
largest agricultural commodity imported by China, constituting nearly half of the international 
soybean trade in 2013 (USDA 2013).  
In China, feed cost is regarded as the largest input cost in hog operation and usually 
comprises 60% to 70% of the total operation costs, and increasing feed costs would reduce feed 
inputs significantly(Somwaru et al., 2003; Mu, 2018), which is why the Chinese government has 
continued to subsidize domestic hog production and kept feed costs low by importing relatively 
low-priced grain, such as soybean, from the U.S. (Xiao et al., 2012). In a previous study, Zhou and 
Koemle (2015) investigated price transmission in China’s pork and feed prices and concluded that 
a long-term cointegration relationship existed between China’s pork price and the U.S.’s soybean 
futures contract prices between 2000 and 2014. Therefore, we argue that such an empirical finding 
may explain our results.  
While several previous studies (Tang et al., 1992; Moosa, 1996; Rosenberg and Traub, 
2006) have explained the essential role of the futures market in pork production, China did not 
have a pork futures market in the period covered by the present study. Theoretically, profitable 
arbitrage opportunities will never occur in an efficient market. This is because cash prices and 
futures prices will always adjust instantaneously in response to information. The futures market in 
the U.S. is mature, strong, and has many positive characteristics such as excellent transparency, 
high liquidity and leverage, and relatively low-cost transactions. Nonetheless, In 2012, publicly-
traded Chinese multinational meat and food processing company, WH Group (formerly Shuanghui 
Group), acquired Smithfield, which is known as one of the largest pork companies in the U.S. This 
acquisition allowed WH Group to import more frozen pork from the U.S. to China and acquire 




U.S. to downsize its domestic hog farms in China because of the imported meat’s low production 
cost and high quality (Zhang et al., 2017). Although China has a relatively vulnerable financial 
market, companies such as WH Group are increasing the number of trade channels; thus, in 2017, 
the Chinese government announced that it would launch China’s hog futures market within five 
years. 
In conclusion, the empirical results from previous studies may help to explain the 
transmission of soybean price linkages to the cash pork price in China. In addition, we compare 
the differences in current financial markets, acknowledging that, in the period covered by our study, 
China did not have its own futures market for pork, but trade flow increased after WH Group 
acquired one of the biggest pork companies in the U.S. These two potential factors may help to 
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